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Abstract   Intraguild predation (IGP) has been explained in 
terms of competitor-removal, food-stress and predator- 
removal hypotheses. Only the first two hypotheses have 
been fairly well studied. To test the predator-removal 
hypothesis as a force determining IGP in avian predators, 
we performed a field experiment to simulate the presence of 
an IG predator (eagle owl Bubo bubo dummy) in the 
surrounding of the nests of four potential IG prey (black 
kite Milvus migrans, red kite Milvus milvus, booted eagle 
Aquila pennata  and  common buzzard Buteo buteo). To 
discard the possibility that an aggressive reaction towards 
the eagle owl was not related to the presence of the IG 
predator, we also presented a stuffed tawny owl Strix aluco, 
which is a potential competitor but cannot be considered an 
IG predator of the studied diurnal raptors considered in the 
experiment. While almost always ignoring the tawny owl, 
raptors chiefly showed an interspecific aggressive behav- 
iour towards their IG predator. Our results seem to support 
the predator-removal hypothesis, as the IG prey may take 
advantage of the diurnal inactivity of the IG predator to 
remove  it  from  their  territory.  However,  the  recorded 
   behaviour may be also considered as a special variety of 
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mobbing (i.e. a prey’s counter-strategy against its predator), 
where the mobber is sufficiently powerful to escalate 
predator  harassment  into  deliberate  killing  attempts.  In 
their turn, eagle owls can respond with an IG predatory 
behaviour aimed at removing IG prey species which are 
highly aggressive mobbers. 
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Introduction 
 
Interspecific interactions among vertebrate top predators are 
often highly aggressive, ending in the killing and some- 
times the eating of one of them (Heithaus 2001; Mikkola 
1976; Palomares and Caro 1999; Sergio and Hiraldo 2008). 
Since these intraguild predation (IGP) events are sometimes 
symmetrical, a top predator can either be the killer or the 
victim of another top predator (mutual IGP; Polis et al. 
1989).  Aggressive  interactions  among  vertebrate  apex 
  
 
predators, like IGP or superpredation, have been raising 
increasingly more interest, mainly due to their potential to 
shape community structure (Crooks and Soulé 1999; 
Johnson et al. 2007; Schmitz et al. 2000), but also because 
these are common and widespread behaviours (Caro and 
Stoner 2003; Palomares and Caro 1999; Sergio and Hiraldo 
2008). 
The main reasons proposed to explain the evolution of 
IGP in vertebrate top predators are: (1) active removal of 
competitors and free up shared prey (competitor-removal 
hypothesis); (2) obtaining energy in situations of scarce 
availability of trophic resources (food-stress hypothesis); 
and (3) direct elimination of a potential killer threatening 
the top predator or its offspring (predator-removal hypoth- 
esis). Some lines of evidence seem to support these 
hypotheses: the victim is sometimes not consumed (or is 
only partially eaten); and predatory interactions among top 
predators are more common when prey is less abundant 
(competitor-removal hypothesis: Palomares and Caro 1999; 
Sunde et al. 1999) or after prey populations crash (food- 
stress hypothesis: Korpimäki and Norrdahl 1989; Lourenço 
et al. 2011; Serrano 2000; Tella and Mañosa 1993). 
However, there are still few empirical evidences supporting 
these three hypotheses, and to our knowledge the predator- 
removal hypothesis has never been tested before (only risks 
of mutual predation have been so far explored; Palomares 
and Caro 1999). Despite increasing interest for the IGP’s 
ecological and behavioural frameworks, there are still many 
loose ends in the theoretical reasoning and empirical 
evidences  determining  and  justifying  the  emergence  of 
IGP, as researchers have mainly been focused on the study 
of the consequences of IGP rather than its causes (Linnell 
and Strand 2000; Palomares and Caro 1999; Sergio and 
Hiraldo 2008). 
By simulating the presence of an IG predator (the eagle 
owl B. bubo) near the nest site of four of its IG prey (black 
kites Milvus migrans, red kites Milvus milvus, booted 
eagles Aquila pennata and common buzzards Buteo buteo), 
we performed a field experiment to test if the predator- 
removal hypothesis, kill before being killed, could represent 
one of the factors engendering IGP by eagle owls. The 
eagle owl represents a useful biological model for testing 
IGP hypotheses because: it is a quite well studied super- 
predator in the context of IGP (Lourenço et al. 2011; Sergio 
et al. 2003, 2007); birds of prey show extremely aggressive 
responses towards eagle owls (Slagsvold 1982; Zuberogoi- 
tia et al. 2008); and it was recently shown that both the 
competitor-removal and food-stress hypotheses do not fully 
explain IGP in this top predator (Lourenço et al. 2011). 
Moreover, eagle owls and diurnal raptors may overlap in 
space, but show asynchrony in temporal rhythms of 
activity, which represents a favourable scenario to test the 
predator-removal hypothesis: eagle owls can easily prey on 
most diurnal raptors, catching them unaware in the darkness 
(Mikkola 1976), whereas diurnal raptors attack roosting 
eagle owls or owlets when they detect them in daylight 
(authors’ observations). Although very few cases of 
predation by diurnal raptors on eagle owls have been 
published, and only by golden eagle Aquila chrysaetos and 
white-tailed eagle Haliaaetus albicilla (Mikkola 1976), 
smaller raptors have the potential to kill eagle owls and 
their mobbing behaviour might displace them. In this case, 
the risks taken to attack (mobbing or attempt to kill) their 
larger predator may be compensated by the advantage of a 
safer environment in which to reproduce (i.e. diurnal 
raptors increase their fitness by removing a potential 
predator). Therefore, IGP could be the result of the 
following counter-strategies: (a) diurnal raptors attack eagle 
owls to avoid being preyed themselves or their offspring 
during night; and consequently (b) eagle owls carry out IGP 
to avoid diurnal fatal attacks and potentially dangerous 
mobbing behaviours, since all those diurnal raptors breed- 
ing close to their regular roost or nesting site may represent, 
during the day, a menace to the nocturnal predator. 
However, we need to draw attention to the possibility that, 
in the context of our experiment and study species, the 
predator-removal hypothesis might be considered as a 
counter-strategy of a species subject to IGP (diurnal 
raptors), rather than the driving force behind the evolve- 
ment of IG–predatory interactions. In a broader perspective, 
the kill before being killed hypothesis, could therefore be 
considered as a special variety of mobbing (i.e. a prey’s 
counter-strategy against its predator), where the mobber is 
sufficiently powerful to escalate predator harassment into 
deliberate killing attempts. 
 
 
Methods 
 
Study area 
 
The study was performed in Doñana National Park, 
southwestern Spain (37°0′N, 6°30′W), a large wetland 
located in the estuary of the river Guadalquivir. The area 
is mainly composed of Mediterranean scrublands scattered 
with cork oaks Quercus suber, stone pines Pinus pinea 
woods, as well as small Eucalyptus plantations. This region 
is favourable to test the predator-removal hypothesis 
because it holds a dense breeding population of raptors 
(Sergio et al. 2009; Suárez et al. 2000). 
 
Eagle owl diet data 
 
For a potential IG prey, the risk of trying to kill its IG 
predator, before it has the opportunity to prey on it, is only 
justified if a real threat of being preyed exists. A way to 
  
 
demonstrate that a potential IG prey is effectively under 
predation risk is to evaluate its frequency in the IG 
predator’s  diet. For this reason, we analysed pellets and 
prey remains collected between 2005 and 2009 in eight 
eagle owl territories in the study area. We determined 1277 
prey items using bone and feather identification keys and a 
reference collection (Laboratory of Archaeo-sciences, 
IGESPAR, Portugal). 
 
Experimental procedure 
 
A way to corroborate the predator-removal hypothesis is to 
demonstrate that, if a roosting eagle owl is discovered near 
an active nest of a diurnal raptor, it will be strongly 
attacked. If we are able to show that potential IG prey 
(diurnal raptors) try to kill their most dangerous IG predator 
(eagle owls), we will achieve a double result supporting the 
predator-removal hypothesis for both groups. IG prey and 
predator perform a “killing race” to avoid nocturnal and 
diurnal fatal attacks, respectively. We simulated a predator- 
removal scenario by presenting a stuffed eagle owl dummy 
in 25 different sites (separated at least 500 m) and closer 
than 500 m (see below) to occupied nests of at least one of 
the diurnal raptors (27 black kite, four red kites, 11 booted 
eagle and three common buzzard nests), during their 
breeding period (April–June 2009). All trials were carried 
out when we observed that at least one of the breeders was 
near its nest. Because the diurnal raptor species involved in 
the experiment show light sexual dimorphism for both size 
and coloration, it was impossible to record the sex of 
individuals. Each trial lasted 30 min, and we categorized 
individual behaviour into two different response types: (1) 
passive behaviour—the dummy does not provoke any 
reaction on the breeder that detected it, or after detecting 
it, the raptor soared several times above the owl, emitted 
alarm calls, and/or perched close to it; (2) interspecific 
aggression—the raptor dived towards the dummy without 
contact or directly attacked the owl, knocking it down with 
its talons. In the last case, the trial ended immediately after 
we observed the attack with contact. To discard the 
possibility that interspecific aggressive behaviours of 
diurnal raptors were not related to IG predator presence 
(e.g. attacks were simply the result of an intruder’s presence 
or a predation act), we performed an equal number of trials 
with a stuffed tawny owl Strix aluco  dummy using the 
exact same procedure. The tawny owl is not an IG predator 
of the diurnal raptors involved in the experiment, but 
instead it can be seen as a competitor or a prey (Mikkola 
1976; Sunde et al. 2003). In Doñana National Park, tawny 
owls feed mainly on insects and small mammals, and 
frequently use raptors’ nests to breed, overlapping in diet 
and habitat niches with the studied diurnal raptors (R. F. 
Lourenço, unpublished data). In the experiment we always 
used the same two owl dummies, which were placed on a 
cork base, approximately 1 m above the ground. Both 
dummies were in typical perched position. Tawny and eagle 
owl dummies were placed in the exact same visible place, 
facing the same direction. No playback of the owls’ calls 
was employed since we were simulating the presence of a 
roosting individual near diurnal raptors’ nests. The presen- 
tation order of eagle and tawny owl dummies was 
randomized to  avoid  a  training  effect (Penteriani et  al. 
2007), and visits to the same site were made in consecutive 
days. During the experiment, we avoided disturbing 
incubating individuals and remained the minimum time 
required in each site. We placed the dummies as quickly as 
possible and then controlled the experiment from a distance 
and hidden inside a car or bushes. Actually, the experiment 
did not seem to have any negative effect on the raptors 
involved, as we did not register any nest or territory 
abandonments. 
 
Statistical analysis 
 
In a first approach, we considered for each trial if the owl 
dummy was attacked by any individual of any of the four 
diurnal raptor species or ignored by all diurnal raptors that 
detected the dummy. We then used a 2 × 2 contingency table 
(Zar 1999) to check if the responses obtained in the trials 
were independent of the owl dummy used. In a second 
approach, we considered the 45 encounters of a different 
individual of diurnal raptor with the eagle owl dummy and 
the 35 encounters with the tawny owl dummy, obtained in 
the 25 trials with each dummy. We then checked the effects 
of the nominal variables: owl dummy (eagle owl, tawny 
owl), diurnal raptor (black kite, red kite common buzzard, 
booted  eagle), time  of  day  (08:00–11:00,  11:00–14:00, 
16:00–20:00), and dummy’s distance to raptor’s nest (<100, 
100–300, 300–500 m), on observing a passive or an 
interspecific aggressive response using a generalized linear 
mixed model (GLMM) fit by the Laplace approximation 
(Bolker et al. 2008). We used the site where the trial was 
done as a random factor. Interactions between explanatory 
variables were tested, although none of them improved the 
model’s AIC. All statistics were performed in R 2.9.2 
statistical software (R Development Core Team 2009) with 
package lme4 (Bates and Maechler 2009). 
 
 
Results 
 
The eagle owl diet analysis in Doñana showed that diurnal 
raptors represented in average 3.7 ± 3.8% of the prey (53 
diurnal raptors preyed in all eight territories). The average 
percentages of the four studied diurnal raptors in the eight 
territories were: black kite, 1.6 ± 2.3% (n = 27 individuals); 
  
 
red kite, 0.3 ± 0.7% (n = 3 individuals); common buzzard, 
0.2 ± 0.3% (n = 3 individuals); booted eagle, 0.1 ± 0.3% (n =2 
individuals). 
During the experiment, the eagle owl dummy was attacked 
in 16 trials (64%; Fig. 1) and ignored in the other nine trials 
(36%), whereas the tawny owl dummy was mostly ignored 
(22 trials; 88%) and attacked in only three trials (12%). The 
contingency table showed that the responses are significantly 
different between the owl dummies (χ2 =12.22, df =1, p = 
0.0005). In the 16 cases of interspecific aggression towards 
the eagle owl dummy, we registered 11 direct attacks where 
the diurnal raptor stroke with its talons the head of eagle owl, 
pulling head or neck feathers and throwing it down the 
mount. We consider that such attacks would have caused 
significant injuries or, more generally, the death of a living 
eagle owl, i.e. the behaviour reflected an intention to harm 
and not just trying to scare a potential predator. In the 
remaining five times, the diurnal raptor dived with talons 
opened without touching the dummy, more like a mobbing 
behaviour. From the three interspecific aggressions towards 
the tawny owl dummy, only one consisted of an attack hitting 
the head, while the other two where mobbing behaviours 
similar to those observed with the eagle owl dummy. 
The time taken from detection to attack with contact 
with the eagle owl dummy varied from 32 to 1,410 s 
(average ± SE ¼ 667 ± 436s; n = 11). The only attack with 
contact with the tawny owl dummy took 1,147 s since its 
detection. 
The owl dummy species was the only significant variable 
in the GLMM, with diurnal raptors showing a higher 
frequency of aggressive responses in the presence of the eagle 
owl dummy (β = −2. 296, SE = 0.72, z = −3.17, P =0.002). 
 
 
Discussion 
 
We present direct empirical evidence supporting the 
reduction of predation risk as one of the possible causes 
 
 
 
Fig. 1  Number of behavioural responses (white, passive behaviour; 
black, interspecific aggression) obtained for the four species of diurnal 
raptors when faced with eagle owl (n = 45 interactions; in 25 trials) and 
tawny owl dummies (n = 35 interactions; in 25 trials) 
of IGP in vertebrate predators. The diet analysis of eagle 
owls in Doñana showed that diurnal raptors were frequently 
consumed, taking into account the known patterns of IGP 
in eagle owls (Lourenço et al. 2011). Therefore, diurnal 
raptors should easily perceive eagle owls as their potential 
predators (Sergio et al. 2003). The results of our field 
experiment showed a high attack frequency (mobbing) and 
a considerable risk of serious injury or death for a top 
predator, the eagle owl, when detected during the day by its 
potential IG prey (i.e. diurnal raptors). This strong 
interspecific aggressiveness is also well known by research- 
ers using live eagle owls to trap diurnal raptors 
(Zuberogoitia et al. 2008). Thus, one encounter should 
perhaps be enough for an eagle owl to perceive large- and 
medium-sized diurnal raptors as highly aggressive mobbers 
and potential predators. Accordingly, we can suggest that: 
(1) because diurnal raptors may take advantage of the 
diurnal inactivity of eagle owls to try to remove one of their 
principal predators, (2) then eagle owls would benefit from 
removing diurnal raptors because these are potential 
predators as  well,  when  sharing  the  same  home  range. 
Such a lethal relationship may be exacerbated in high 
density conditions of the mutual IG predators, like in 
Doñana National Park, where there may be a lower 
availability of enemy free space (predators and competitors) 
and where species share the nest sites (in this area eagle 
owls often breed in nests of diurnal raptors, Penteriani et al. 
2008). 
In our opinion, the fact that the tawny owl dummy 
(representing a competitor but not a predator of diurnal 
raptors) caused very few aggressive responses, compared to 
the eagle owl dummy, represents a good evidence of this 
experiment supporting the predator-removal hypothesis. If 
the aggressive response of IG diurnal raptors was only 
triggered by the will to remove a competitor, we should 
have found a similar frequency of attacks on eagle and 
tawny owl dummies, or perhaps, more attacks to the tawny 
owl, since it is, supposedly, an easier species to subdue than 
eagle owls. Thus, the competitor-removal hypothesis seems 
to fail in explaining the observed aggressive responses of 
diurnal raptors towards the eagle owl dummy. The IGP 
attempt of diurnal raptors on eagle owls seems mostly the 
result of extreme mobbing or brood defence behaviours. 
IGP predation in large vertebrates (carnivores and 
raptors) is usually asymmetrical and size-based, and it has 
been mainly seen as an extreme form of interference 
competition (Palomares and Caro 1999; Ritchie and 
Johnson  2009;  Sergio  and  Hiraldo  2008;  Sunde  et  al. 
1999). In this context, the IG predator is granted two main 
advantages: the removal of a competitor and an energetic 
input (Polis et al. 1989). The eagle owl is more powerful 
than the diurnal raptors we considered in this study and, 
thus, this interaction is prone to be asymmetrical. This is 
  
 
perhaps the most common outcome, as diurnal raptors are 
frequently preyed by eagle owls, while the opposite is 
anecdotal (Lourenço et al. 2011; Mikkola 1976). But still, 
as we found in this study, diurnal raptors are very 
aggressive towards eagle owls, feeding back this interaction 
into a possible age-structured mutual IGP scenario, even if 
predatory events would suggest an asymmetrical phenom- 
enon. Although we do not exclude the additional effects of 
the competitor-removal and food-stress hypotheses, our 
results may represent the first evidence supporting the 
possibility that IGP by eagle owls on diurnal raptors might 
be triggered by the predator-removal hypothesis (they 
identify a potential predator, not a competitor). However, 
we cannot discard the (non-mutually exclusive) possibility 
that the observed behaviours expressed towards the eagle 
owl (as well as the tawny owl) dummies may be explained 
in the frame of mobbing behaviour (i.e. a defence strategy), 
rather than IGP behaviour per se. In the light of general 
mobbing (or brood defence) theory (Alcock 1998), a stronger 
reaction against a real threat than against a species that is 
more or less harmless is exactly what should be expected. 
The behavioural perception of an exploitative competitor 
is less probable than the obvious identification of an 
interference competitor as an enemy (Krüger 2002). 
Moreover, as we observed in this experiment, interference 
competition interactions between these species might 
probably result in killing or predation attempts (see also 
Krüger 2002), being most likely that diurnal raptors identify 
eagle owls (and vice versa) as IG predators rather than as 
competitors. Also, considering the possibility that a species 
could be both seen as competitor and predator, then the 
release from a potential killer should bring more advantages 
and more immediate to IG prey’s  individual fitness than 
eliminating  a  competitor  (Hakkarainen  and  Korpimäki 
1996; Krüger 2002; Sih et al. 1985). Thus the predator 
removal could be a stronger behavioural mechanism 
inducing IGP than competitor removal. 
Although our results can be considered as a first direct 
support to the role played by the removal of a predator in 
driving IGP, some expectations resulting from the predator- 
removal hypothesis still need to be explored to improve our 
understanding of the links between IGP and the predator- 
removal scenario. For example, we found no differences in 
the proportion of responses among diurnal raptor species 
and at different distances from nests, as could be initially 
expected. This might have resulted from an insufficient 
sample size, but the results can have important consequen- 
ces in the conservation of the species involved in this 
complex interaction. Among important points that should 
be addressed in future studies are: (1) if the degree of IGP is 
proportional to the abundance of the most aggressive IG 
prey; (2) if more aggressive IG prey species are more 
frequently consumed than less aggressive species; and (3) if 
IG prey species are preferentially removed of the core areas 
of home ranges (i.e. near active nests and main roost sites). 
We suggest that the  predator-removal hypothesis should 
also be tested in other interacting pairs of top predator 
species and in different conditions of density and resource 
availability. Another related step forward would be to 
understand if non-guild mobbers, alike IG mobbers, can 
also be preferential victims for dominant IG predators, as a 
way to reduce the costs of being mobbed (Pavey and Smyth 
1998; Pettifor 1990; Sunde et al. 2003). Finally, we 
recommend that future studies investigating the causes of 
IGP in vertebrates, should bear in mind the possibility of 
mutual IGP scenarios, and besides the competitive and 
energetic perspectives, the predator-removal behavioural 
mechanisms should also be included as potential triggers. 
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